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To meet the extremely high demands for safety, additional development work was carried out to increase 
cracking resistance of alloy 617B even under extreme conditions. Some of the results are briefly described 
below. A more detailed overview is given in [7]. 
2. Experimental details 
Alloy 617 and alloy 617 B gain their creep-strength mainly from carbide formation (predominantly M23C6) 
and solid solution strengthening (Co, Mo).  At intermediate temperatures (ca. 550-850°C) additionally Ȗ' 
((Ni,Ti)3Al) -  precipitates form and add to the creep strength of the material [3,4,8]. 
The chemical composition of alloy 617B in comparison to that of alloy 617 is shown in Table 1. Major 
differences concern narrower tolerances of alloying elements (Cr, Fe, Co, Al and Ti) and additions of boron to 
alloy 617B.  
Table 1. Typical composition of alloy 617(UNS NO6617) and alloy 617B [1,6]. 
Element Alloy 617 Alloy 617 B 
Ni Bal. Bal. 
Cr 20 - 23 21 - 23 
Fe < 2  1.5 
Mo 8 - 10 8 - 10 
Co 10 - 13 11 – 13 
Al 0.6 – 1.5 0.8 – 1.3 
Ti 0.2 – 0.5 0.25 – 0.5 
B  0.002 – 0.005 
C 0.05 – 0.10 0.05 – 0.08 
Nb  < 0.08 
Si < 0.7 < 0.3 
Mn < 0.7 < 0.3 
S < 0.008 < 0.008 
P < 0.012 < 0.012 
Cu  < 0.15 
As < 0.01 < 0.01 
Pb < 0.007 < 0.007 
 
If not otherwise mentioned, the samples were taken from hot rolled material of industrial heats. They were 
prepared by melting in a 20-ton VIM furnace with subsequent ESR (Electro-Slag Remelting) and hot rolling to 
final thickness of 12 and 30 mm . The sheets were solution annealed at 1160-1175 °C. After heat treatment the 
microstructure shows some carbides, Ȗ'– precipitates could not be detected in the solution-annealed condition.  
The effect of boron and the effect of heat treatment were investigated on sheets produced by hot-rolling 
from 100-kg laboratory size ingots at Salzgitter-Mannesmann Research Institute.  The preparation of the 
laboratory ingots is described elsewhere [9]. 
To investigate the sensitivity to so-called stress relaxation cracking, tensile tests at slow strain rate of 10-5s-1 
- 10-6s-1(Slow Strain Rate Test – SSRT or Constant Strain Rate Tests - CSRT)were carried out at 700°C.  It 
should be noted that the sensitivity to "stress relaxation cracking" can only be demonstrated in a Slow Strain 
Rate Test, not in a standard tensile test.  
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3. Results and discussion 
The 100,000 hour creep strength of alloy 617B in comparison to that of alloy 617 in the relevant temperature 
range between 600 and 750°C is shown in Table 2. The positive effect of the narrow tolerances in combination 
with the additions of boron can clearly be seen. The creep strength of alloy 617B is about 25 % higher than that 
of alloy 617.  
 
Table 2. 100.000 hours creep strength of alloy 617B in comparison to alloy 617 in MPa, (Sources: Alloy 617: VdTÜV data sheet 485, 
ASME SB-168, Alloy 617B: VdTÜV single appraisal, ASME Code case under preparation) [1,6]. 
 
 Alloy 617 Alloy 617 B 
T in °C   
600 190 265 
610 170 249 
620 155 233 
630 143 218 
640 133 202 
650 125 187 
660 119 172 
670 113 158 
680 107 145 
690 101 132 
700 95 119 
710 89 108 
720 83 97 
730 77 87 
740 71 77 
750 65 69 
 
Fig. 1. Flow stress curves of alloy 617 and alloy 617B, measured in a slow strain rate test at 700°C / 10-6s-1[7]. 
The positive effect of boron on creep strength was confirmed by Spiegel et al. Laboratory tests carried out 
on alloy 617 with additions of 0, 30 and 60 ppm B showed that additions of 30 % boron increase the creep 
strength, while a further increase to 60 ppm boron had no additional effect [9]. 
The mechanism of boron in alloy 617 is still not fully understood. However, from atom probe tests, it 
became clear that boron concentrates, (most likely as borides) around carbides and along grain boundaries. The 
results of this investigation are published elsewhere [10]. 
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Stainless steels and nickel based alloys may be prone to "stress-relaxation cracking" in the temperature 
range between 500 and 850 °C [11]. The sensitivity to cracking at intermediate temperatures is usually proven 
in Slow Strain Rate Tests. Figure 1 shows the stress-strain diagrams of alloy 617 and alloy 617 B in 
comparison. It can be seen that the fracture elongation at 700°C is increased from about 15 % in alloy 617 to 
more than 50 % in alloy 617B.  
According to van Wortel et al., stress relaxation cracking can be prevented by annealing at 980°C for 3 
hours prior to exposure [11].  Table 3 shows values for the reduction of area Z for samples before and after 
annealing for 3 hours at 980°C. In agreement with the results of van Wortel, the ductility increases, if an 
additional heat treatment at 980 °C  is carried out. The major effect of the heat-treatment is relief of residual 
stresses resulting from cold work, welding and other treatments that induce residual stresses. Furthermore, 
carbides may precipitate partly within grains during heat treatment at 980 °C and prevent the formation of 
coarse grain boundary carbides. TEM investigations showed more carbides within the grains after 980°C 
annealing.  However, Ȗ' formation could not be found before or after the 980°Cheat treatment [12]. 
 
Fig. 2. Effect of cooling rate and stress relief annealing on the Reduction of Area Z of alloy 617B measured in a slow strain rate test at 700 
°C, strain rate: 10-6 s-1 [13]. 
B0-1, B0-W, B0-L, B0-O: w/o Boron 
B3-1, B3-W, B3-L, B3-O: with 30 ppm Boron 
1: Reference test, W: Water quenched, L: air cooled, O: Furnace-cooled 
Table 3. Reduction of area (RA in %) of alloy 617 and alloy 617B before and after stress relief annealing at 980°C, 3 h, measured in a slow 
strain rate tensile test at 700 °C and 10-6 s-1 [9]. 
 
RA in %  
w/o stress relief annealing RA in % after stress relief annealed 980°C, 3 hours 
Alloy 617 (w/o Boron)  13 % 
Alloy 617B (40 ppm Boron) 4.8 41 % 
 
Fig. 2 shows the effect of cooling rate on the reduction of area Z in slow strain rate tests at 700°C. It can be 
seen that slow cooling (here: furnace cooling for several hours) has the same effect as additional heat treatment 
at 980 °C and increases the ductility significantly [13].  
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The following assessment is given in literatur
a) Reduction of area: Z < 5%  =extremely sen
b) Reduction of area: Z 5-10%  = strongly se
c) Reduction of area: Z 10-20%  =  slightly s
d) Reduction of area: Z>> 20%  =  not signif
According to this scheme, boron-alloyed 617
3 hours or after slow cooling through the temper
 
 a) Headers and pipes  
Fig. 3. Components for 7
4. Summary 
Alloy 617B has been tailored for application
higher creep strength at 700°C and higher ducti
show that cracking under residual stresses can
welding and cold-working. Slow cooling to room
If the peculiarities of this alloy are respecte
alloy 617B (Fig, 3) and used for 700°C boilers i
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